Vibrations in dynamical structures, as those encountered for instance in mechanical, aerospace or civil engineering, are often caused by internal or external excitations. One way to attenuate vibrations that can be undesirable for safety or other reasons is by the use of active control systems. This means to use feedback controllers driving actuators at appropriate locations between the structure and its environment. This work considers a specific kind of uncertain excitation due to a temporary coupling of the structure with a second dynamical system which cannot be influenced by actuators controlling the main structure. A linear control scheme is proposed, which is implemented with the feedback of the structure's state only and ensures the existence of a ball of ultimate boundedness. The effectiveness of the control scheme is illustrated by numerical experiments on a model of a bridge platform with crossing vehicles as unknown coupling excitations.
Introduction
Active control has grown in the last years as a mean to attenuate vibrations of dynamical flexible structures subjected to internal or external excitations. Examples are encountered in areas such as mechanical, aerospace or civil engineering. Active control means to use feedback controllers driving actuators at appropriate locations between the structure and its environment. In the last years different approaches have been taken from control theory to develop active controllers. Within this context, robust control methods have been used to account for uncertainties in the structural models and the lack of knowledge of the excitations, which in most of the cases are even unpredictable. One of the robust control approaches for this purpose has been based on the constructive use of Lyapunov stability techniques [1] [2] [3] . Within this approach, semiactive structural control systems have been developed for instance in [4] [5] . In this kind of systems, the feedback is designed to modify in real time parameters such as damping or stiffness to increase the resistance of the structures as compared with the purely passive schemes. Purely active controllers, in which the feedback is used to feed actuators to implement desired forces to the structures, have been proposed for example in [6] [7] .
Following this direction, this paper deals with a class of structures excited by the coupling with another dynamical system during a certain time. An active linear controller is proposed which uses feedback information from the controlled structure only. It is shown that the response of the structure and the exciting system stay bounded within a neighborhood of the origin. The class of systems is illustrated by considering a model of a bridge platform with an unknown moving vehicle as coupled exciting system. Numerical results are given to show the effectiveness of the approach in getting a practical reduction in the vibrations of the platform.
mensions. The coupling between the systems goes through the uncertain functions , and is due to some interchange action
, which can be described by some mathematical relationship such as   -3  5  6  7  8  9  8  : ;
. In the case that there is no coupling,
The following assumptions complete the model of the system.
Assumption 1:
> + and > , are stable matrices.
Assumption 2:
There exists an uncertain function 
where _ + is the solution of the algebraic Lyapunov equation
for a given matrix The stability analysis will ensure that the control defined in (2) (3) and (4), we have:
Using the fact that where
. According to the Theorem of Hurwitz, we have that is positive definite if and only if (i)
, (iii)
Condition (i) is satisfied by construction, since a + is positive definite. Condition (ii) leads to
This condition holds if and only if the following inequalities are satisfied:
and
Condition (iii) leads to (8) . These inequalities give only sufficient stability conditions, which in practice can be relaxed as it will be illustrated in the example in the next section.
Bridge platform with moving vehicles
In [5] a semi-active control approach for an elastically suspended bridge with crossing vehicles is provided. Figure 1 depicts the main elements of the simplified dynamic model. We will apply the active control approach described in Section 1 to that model. The bridge section consists of a rigid platform with elastic mounts on the left-hand and right-hand sides. The main variables that we will measure are the vertical deviation 
Equations of motion
Without loose of generality we set 
) are uncertain. For these parameters, we assume that Finally the equations of motion (10) and (11) can be re-written in the following state form: We also have
, it is
In [7] it is checked that the model described above satisfies the Assumptions 1 and 2 required in Section 2. This is necessary in order to ensure that the stability analysis developed in Section 3 holds.
Tuning of the control law
For the design of the control law, we use the following set of known parameters:
Bridge: In this case, taking and , inequality (8) becomes
Inequalities (14), (15) and (16) give sufficient conditions to ensure that the control law satisfies the stability analysis of Section 3. When computing the uncertainty bounds for the data set in this example, we obtain ¬ and ¢ § § , which are significantly bigger than the maximum allowable values according to the theoretical stability analysis. In practice, simulation results show that the control law guarantees the derived stability property even for these actual values. This is because the Lyapunov approach used in the stability analysis is rather conservative in giving sufficient stability conditions, which are based on rough estimates for the values of are acceptable to achieve stability and satisfactory control results as it is illustrated next.
Numerical example
The following unknown parameters for the truck (which lie within the prescribed uncertainty bounds) are used:
Truck: After the truck leaves the bridge, the inclination tends to zero in a damped oscillatory motion. . Initial impulsive actions are observed when the excitation starts up and when it disappears, followed by smooth evolutions to zero.
Conclusions
A linear feedback control law is proposed to actively reduce the vibrations of a class of structures excited by the coupling with an uncertain system. The main practical advantage is the simplicity of the control law. It is composed by a nominal gain matrix with a scalar gain factor. The design of this matrix uses information only on the known linear part of the model of the main uncoupled structure. The selection of the scalar gain parameter is chosen using information on the known linear part of the model of the exciting coupled system, as well as on the bounds of two uncertain functions which describe the interaction between the controlled structure and the exciting system. The real time implementation requires feedback only of the structure state.
A Lyapunov stability analysis gives sufficient conditions for the existence of a ball of ultimate boundedness and a global uniform attractor for both the structure and the exciting system. Due to the character of the Lyapunov techniques, these conditions can appear to be conservative. In practice, such sufficient conditions can be relaxed keeping satisfactory performance in the control operation, as it is shown in the example presented in the paper, in which a model of a bridge platform is controlled against the excitation induced by a crossing vehicle.
